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I m 3 

3LXVL An Account of an Air-Pump on & n#w ^Gon0riMidn^ v 
with fome Qbfervatiom on the contmoyi Air-Pump 9 dnd Mr. 
Smeaton's improvement : In a Letter from the Rev. John 
Prince to the Rev. Joseph Willard* Preftdent of the 
Univerfty of Cambridge. 

'Salem, Nov. lb, 17^3. 
Rev. and bear Sir* 

C* REE ABLE to your r^qeft, I^v2ji mi^mosxtio guie 
you fome account of the &r n pump I have lately con- 
structed, upon a plan different frop any I hw$ ever fcen . 

Reading the account of the %pnkpys Mi\ Smedtm y s air*. 
;pump, in vol. xlvii. of the Philflfophdcal TrauMkions, and 
the highrecommen4ation of it by Dr, Priefliey> m vol* 4xiv. df 
the lame wqrk, J was defir*ous ®£ poffefiing^one $£ that kinder 
&ut finding, by the Doctor's paper, they werie mt vomtmrity 
m^de bythephilc^opiu^ ii^rament -makers m Ltindon, it in- 
dwesd me to attempt nuking onejmyielf* vith &h& ssfilftancb 
•jis. I could get :here. 

Befqre J ^d^pr^^d^f^ 1 thought Mr, $metitons pump 
iiiigh.tbeitiaprove4i if not in its power of reifying tfee air, at 
left in ifi^p^qi^ With this in view* I have finifhed mine. 
To &©w i £he ground on which J have gone, it will be neceflary 
to confidgr -the rationale of an ak-pui&^and make fome obfer- 
va^on^s.on Mr, Snieatons. It is well known that the valVe at 
the bottom oif thelbarrel of an air-pump is opened by the Spring 
<of the air.a&ijig againft it underneath, when the weight of the 
aif is removed from the top of the valve, by raifing the pifton 
in ,the b^rrfel. In order to remove this refiftance from the top 
<rf the valve jiaoft ieffe6lually, the : pifton fhould be made to fit 
"very ^tf{%. iQ the valve-plate, when put down upon it : 
for if there be any fpace between the bottom of the pifton and 
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Valve, part qf the air will be retained in it j and this air, even 
when the pifton is raifed to, the higheft* will, by its expanfion,, 
in fame meafure, obftruft the opening of the valve,. Whea the 
air in the receiver, or underneath. the valve, is. rarefied to an 
equal degree with the air contained in the barrel* (the pifton 
being drawn up to the higheft) the valve can rife no longer,, 
becaufe the refiftance above is equal to the power Below. The 
refiftance from this air, retained m the barrel; againft the valve 
at the bottom, will be uniformly the fame, when the pifton is 
at the feme diftance from it ; becaufe - the weight of the at- 
moiphere is continually pseffing on the pifton-valve, and'wilP' 
prevent the air below paffing through k, while tfifis air i$ rarer 
than the atmofphere : and when the piftbn is- put ddwn to the 
bottom, of the barrel, it will not efcape through the pifton, but 
only be comprefled into the vacancy between the bottom of 
the pifton and the. valve-plate at the bottom of the barrel; andi 
be. of equal deriftty with the atmofphere, Befides* the refift- 
ance arifing from this retained air, we muft-confider the weight 
of the valve, its cofoefiori to the plate, occafioned by the oil,,, 
and its being ftretched tight over the hole, as- increafihg the ob- 
ftru&ion ; efpecially when the fpring of the air uader the valve 
is much weakened by rarefa&itau Andaf we take into the ac- 
count the refiftance arifing from thefe caufes, the denfity of the 
air in the barrel, when comprefled into the abovementioned va- 
cancy, will be as much greater than the denfity of the atmoS 
phere above the pifton,, as, the addition of this refiftance ; for 
this obftruftion belongs to the pifton-valve^ as well as to the 
Qth£f% And fo alfo,, when thi$ retained, air is expanded> fay one 
hundred times, by raifing the pifton,/the air in the receiver cam- 
not be rarefied, to the fame degree, becaufe of this refiftance, of 
the valve at the bottom of the barrels j 
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in order to product a greater rarefa&ion ; of the ."air in the re- 
ceiver than what the common pump will effeQv the valves, 
where ufed, muft be made to open eafier, by removing, at far 
as poffible, thefe obftru&ions. In the common pump thefe 
impediments are great -, becaufe the furface of the Valve, which 
is expofed to the air underneath, is generally very fmall ; and 
the vacancy between the pifton and the bottom of the barrel 
tears a greater proportion to the whole barrel than it would if 
the work were properly executed^ 

Thefe imperfections Mr. Smeaton considered and endeavoured 
to remove in the oonftru&ion of his pump. For this purpofe 
he expofed a much larger furface of the lower valve to the air 
underneath, by forming a kind of grating in the plate. By this 
the cohefion was leflened, and more power could apply to open 
^die valve in the firft inftant. The difficulty arifing from the 
air retained in the barrel he removed, in a great meafure, by 
making the pifton fit more nicely to the bottom, and by taking, 
the weight of the atmofphere from off th^ pifton, which allowed 
fhe valve, in it to be more eafily opened, fo that much moreof the 
air *could pafs through it. The weight of the atmpfphere he 
removed from the pi/ton, by clofing the top of the barrel with 
a plate, on which he fixed a collar of leathers $ through this 
the cylindrical part of the pifton-rod moves air-tight. And the 
air, having paffed through the pifton, is forced out of the bar- 
rel through a hole in the top-plate, over which is a valve t« 
prevent the return of air, when the pifton defcends. The pif- 
ton is made to fit as exactly to the top, as to the bottom of the 
barrel, to exclude the air more effedually. 

By this improvement, Mr. Smeaton fays, " I have been able ta, 
*< rarefy the air one thoufand times^ when the pump was put 

P p p 2 " deaa 



5©t* ifc£v Fr-enebV Account of 

" clean together^ aad tfaat it feldotn failed of doing i£fi^fi&*r~- 
" dred^ after it had bbenufedfbr feveraL months without cleafr- 
14 ing : whereas the degree of farefa&ion produced by the Ml 
" common putiip& Wever e^oteded <ina hftfidr6danf^ forty tinted 
€ * when tfded by my gage/' 

I hate taken up much -.of your iim& life this ^cifcount; Bttt 1 
Hopb ydti will not think tmnete^ff^ily, as it fiiwrs the grdtoch 
on which I haVe gdrile,, and^a deletipt&ii^f Mr*. Stfie&tm's p ttftip * 
is, in fome meafurcf, a defcriptioft of mirifc. 

M^. Sm&itdtt having done fd much to faeiMfette the op6hing 
of thfe vak&$, -at the- bottom of the Barrel, , and in, the piftdn, by, 
vfrfxieff fnfcinsr he carried the degree of rate&$fdjtt much further 
tfMii the coriiiriofl : pump could doj; I fuppofed^if thdfe valves^ 
yftiit ebtif^ fefii6tred, itid the remaining air fri tte ftarref could t 
be ftiOt* perf^tly expelled,, the rarefkdtiott Wight bfe/cSu*Md"".ffeltA 
f&rthen Updn this- plan I have.conftru£tedmy pump.: I have 
ittmovid.llhte 1 lovftfr vfcfre, arid evened ' tfifc" fc&M: df iSte barrel 
iHto a dffefn* On WMeh it is placed, ato^ lias, aired c6rh~ 

ri^mieatl^i with- the ieceivdr. For the valve. 1 di &t glat^ ; at 
■1&i fop of ( the barrd,(which is conftrudtedtike '#&.' Stfteatons) 
rfiifces ^twiiieeeflary there fhduLibean^ at.thife bdttttoylrof^ 
dgf- id Mtf^the air in the receiver. . 

The feiftefii is deep enough to aHoW j tke gftftixwtb dfefcehd; 
intt u iti bdt6w the bottom of the battel- Suppbfe theft the 
j^eft to be folid; that is, without a valve iri it; when it enters 
thfe Mifel aiidrifes "to thfe top plate, which- ifc made air-tight 
vWth^ Wfflfar of lyathfe^^tc. like Mr; Strieatotfs, it fbtdeS dut 
all the air above it y and as the air cannqt return into the barrel, 
<#i ^btfliM'dir valVe on the top-plate, when the piftbn de- 

MicS%e^t#{% a itfMiii foriiied between that iridtlie 

plate j 
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g&te$ etfery thing being fiippofed perfed:. But in work- 
ing the pump, the pifton is not allowed to defcend en- 
tirely into the ciftern, fo far< as to leave: the bottom of the 
Barrel open ; becaufe, as the cittern,, for another purpoie, is 
made larger than die bore of the barrel,, this might make the 
pxfton-rod Wdrk tmfteadily in the collar of leathers, and caufe 
it to leak : but it defcends below a hole in the fide of the bar- 
rel, near the bottom, which opens a free communication between 
the barrel^ ciftern,, and receiver.. Through this hole the air. 
mlhqs from the ciftern into the exhaufted barrel^ when the" 
pifton ^Has dropped below it y and by its next afcent this air is 
fbrced out as the other was before. . If now the capacity of the - 
receiver,, ciftern, , pipes, &c. below the bottom of the barrel, 
taken together, be equal to the capacity, of the barrel, half the* 
remaining ^r will be expelled by every ftroke. 

But as the working a pump of this kind, with a folid pifton, - 
would be labprious, v pn account of the rqfiftance it would meet 
with in its^defcent from >the air beneath; (though this; would be 
leffened by every ftroke, as the air became more rarefied) I have, ; 
to remedy this inconvenience,; pierced thrqevhqles in the pifton, , 
at equal diftanees from each of|ier'; and a circular piece of blad- 
der,, which is, tied pver the top of the piftoiA, .tpmafctlie j(Hnt T 
more perfed^witlt the tQp-pIa% and to d^fend>them from in- 
jury wherxthp .pifton, i$- brought up againi^it, forms 1 a kind of: 
valve over the holes^, which* cpens.ea^t enough -to prevent apy 
labpjir in^wo&ihg the pump, asitallows the air to pafs through; 
the pifton Avhen it defceiidsi ^But the $ir does not neceflsirily v 
depend. upon a paffage throughthe pifton in order to get Ji*to> 
th^ bai^el : Tor when the air bpcojnei fo weak, frqmits raref?iQ r 
tfon, ; that it cannot open this valve, it will fiilt get into the bar- 
rel* 
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rel wh$n th&. communication is opened bythe hole at the bcfli- 
torn. This pifton, therefore, will defcend as eafy as any other $ 
and this valve does not impede the rarefaftion; iince it is of no 
eonfequence, as to this, whether it open or, not. By this con- 
ftru&ion, the .valves, which Mr. Smeatoii only made to open 
with' more eafe, are rendered unnecefiary in rarefying the air : 
and that at the bottom of the barrel, which is the moft diffi- 
cult to be made and kept in-order, is entirely removed* that 
on the top-plate being the .only oncneceflftry in rarefying the 
air. 

'.But as in a fingle barrelled pump of this conftru&ion, where 
there is no valve at the bottom to prevent the air, which fol- 
lows up the. pifton in its afcent* from returning into the re- 
ceiver in its.defcent, a fluctuation would be produced, whick 
miglit prove detrimental in fome experiments, this pump is 
made with two barrels, which rarefies the air at every ftrokex>F 
the winch. In this conftru&ion, the capacity of the two bar- 
rels, taken together, below the piftons, is always the fame y for 
while one is defcending, the other is afcmding j and what is' 
taken from the one is added to thevOthen 

Having thus fet afide the valves, which in feme tneafiire pre* 
vented the air from getting into the barrel and above the pifton, 
I next attempted to expel the air more perfe&ly out of the bar- 
rel than Mr. Smzaton has done, by making a better vacuum be- 
tween the pifton and the top-plate, which would allow more 
of the air to expand itfelf into the barrel from the Deceiver. 
But to fhow in what manner I have attempted this, it will be 
jiecefTary to give fome further defcription of the machine, 

I have, upon Mr. Smeatou's plan, contrived to connect tlfc 
valves on the top-plates with the receiver, occafionally, by 

means 



s new-conjlru&ed Air-Tump. 5^3 

* weans of a pipe and cock, by the turning of which, the ma- 
chine may be made to exhauft or condenfe at pleafure. This 
k done in the following manner ; There is a crofs^-piece laid 
aver the valves, extending from one barrel to the other, which 
has a dud through it, conneded with a fmall pipe ftanding be- 
tween the barrels : through this pipe the air pafles into a dud 
m die. bottom-piece leading to the cock*. In this* piece is like- 
wife the dud leading from the ciftern to thescoefcj- and wkh 
this cock alfo is connected the pipe . leading to the receiver, 
'Che key is-pierced with two holes in fuch a manner, that one 
of them. will conned die pipe coming from the receiver with 
the dud in the bottom-piece leading to the cifteniy or with 
the other leading to the valves, as ^pay be required for exhauft- 
iag, or condenfing. , The other hole through the key willopen, 
accajfionally, to the ratmofphere, either of thefe ; duds round 
the cock. So that having ■ the« diredion of the^air which paffes 
through the valves* under: the command of this cocki the pump 
may exhauft or condenfoat-pleaftire^ for when the key con- 
nods die -pipe from the receiver, and the dud leading, to the 
ciftems topther^the pump will exhauft^ andwhen- it cohneds 
the pipe* witluthe dud leading to the valves? it. will condenfe -, 
as the other hole in the key, at the. fame time, opens to the at- 
mofphere the dudJeading to the cifterns, ; b^ Which pafiage the 
ak enters-the batreL from the at*mofphere y is ■ forted out at the 
valves,^and^hrough thapipe and cock in to .the receiver. .. In this 
part of the. machine which is contrived for condenfatioa> I 
have,;by an additional part, endeavoured to get the air more 
perfe^^ut of the barrel* 

Wefcave feea that MY, Smeatm, byitnakiag thepifton of 
^g«o^4t more exadly to the bottom of the barreled by 

iliutting 
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.on the.pii3^-yalve, was :. ablerta^jgfitraacBXO y&£ the r air~aboare it 
than could fee eiEaftediik the .<K>mmari>§^ 
JSailty* though ib % mmo^ed, r^n^ns jb jfee top^f tftp&#r- 
rel : for as the pifton cannot --fee itmih toMfomfL^yW^e 
top-plate* but that there wfll ife feme Jodgi&e^ for air, it is 
impoffible to expel it entirely ; mote* pedhwjjts^ might he expel- 
led if the .valve on. the top £Oidd be wmM t# Q$m more^mjaly, by 
removing the. weight of the air iram at.? jfoc $m almofyhtzs, 
^preffing pa this valvq, will prevent its opeaifig freely, in die 
fame manner as when pueliing on the piiton^valve, rttobftru6ts 
the opening of that in the common pump* 

The difficulty which !M|r. SqteataxrcmGYgd from the piflon- 
valves, I have endeavoured to .-remove from the valve on the top- 
plate ; that this valve, having the preffure of the atmofphere 
taken off, might open with the fame cafe as the ^pifton-v^Ive 
tloes in his pump. To effe<& this, there is connected with the 
du£t on the bottom-piece, which conveys the air from the 
valves to the cock, a fmall pump of the fame construction as 
the large one ; having the barrel opening into a ciftern, the pif- 
ton-rod moving through a collar of leathers, and a valve near 
the top, through which the air is forced into the atmoiphere. 
This pifton is felid; becaufe the diameter, being only half-inch, 
^does not make it work hard. This pump, which is of one 
barrel only, I call the valve-pump ; its chief ufe being to rarefy 
4he air above the valves, or remove the weight of the atmof- 
^phere frenn off them- To ufe this pump, it is neceflary the 
;key of the cock fhould be pierced differently from that of Mr* 
Mmeatonsi for as the pipes round his are placed at equal dif- 
i£ance$, when the one from the bottoau>f the barrel is connected 

with 
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with that from the receiver to exhauft it, the other, from the valve* 
on the top-plate, is opened to the atmosphere by the. other paf- 
iage through the cock. But in order to rarefy the air above 
the valve in my pump, it is neceffary this laft paffage fhould be 
ihut up, when the valve*$mmp is xtfe&i Infteai, therefore, of 
placing the three du&s at equal diftances round the cock, I h&ve l 
divided the whole into five equal parts ; leaving the ^diftatice of 
one-fifth between the. duds leading from the ciftern and the 
valves to the cock, and two-fifths between each of thefe* and 
the one leading from the cock to the receiver. By this adjuft- 
ment, when the communication is open between the receiver 
and valves, for condenfation, the other hole through the cock 
©pens the cifterns to the atmofphere : but when the communi- 
cation is made between the citterns and the receiver, for exhauf* 
tion, a folid part of the key comes againft the duft leading to 
the valves, and flwts it up ; andthe air, which is forced out of 
the barrel, paffes into theatmoiphere^ ; 

for the valve of the foiall pump may be kept open whiletthe 
great one is worked 

Now, to apply Mr. Smmtons reafoning to this conM^tkm 
After mentioning, his taking oft the weight of the atmofphere 
from the piilon, by Shutting up the top of the barrel, he %s, 
" The eoniequencc of this conftrudtion is, that when the pif- 
V tonus put down to -the bottom of the cylinder, the air in the 
" lodgement under, the pifton will evacuate itfelf fo much the 
«< more, as the valve of the pifton opens more eafdy, wJien 
« preiTbd by the rarefied air above it, than whea^#d%?the 
" whole weight of the atmofphere. Hei^^^J^pHfenjnay 
« be made to fit as nearly to the top of the cylinder, as it caiijto 
«< the bottom, the air may \icm^^^^'^^^^f^^ 

Qj q 
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V a$.it* couli before have been in the receiver, ft follea&r, 
" thcrefg^ that the Sir may now be mrcfiai in t]\c receiver* 
" in duplicate proportion oi what it could Ik upon the com- 
" men principle * every iking cite being fa^pefcd* pcrfcth" 
The lame may be laid with regard to the vai\c en the top- plate 
in thi? machine; It will open mote casiif, «hca prclicd hv 
the nateficd air above it, than when prcuoi by the weight of 
the whole atmofphcr*. Hence* aa by the contlruAbn of the 
walve-pump the air may be rarefied aa mucb .ibovc the valves, 
as it could before have been m the band and receiver » uuh* 
vrhich there t** frttt communication : it therefore follows, thar 
the air may now be rarefied in the receiver in dapiicatc proper- 
tiofMaf what itconld be ftjr Mt* Smmtetfs paa*p * every things 
dfe befog fopfttfifl^ permit- 

ting it. 

In this estimation, any advantage which may ariie from the* 

removal of the valves ar the bottom of the barrels a;id in the 

pifton, is not confekted : But if they made any rctiiUnee in 

Mr. Smeatsris pump, may we not conclude, that the rarc&c- 

tioa might be carried farther by a machine wherein no uuh 

valves are made ufe of ? Mr. Smmtm &ys, that when he 

contrived to open bis valves by the winch, independent of the 

^OT^ef air, he chd not Jfind it anfwer the purprtfe better than 

v&cn the air was the agent. There U no reasoning againft ex- 

pcrtratotr'btit It certainly appears probable from theory, that 

there ciuft be crafidcrabte refinance frOn^ the valve* ^when Ac 

air is greatly rarefied. ^ * -^ 

*ifc^trwards fovs, '* the degree, to which I haw been able 
** to fitttfy the air, by experiment, has generally been about one 
♦' thou&nd times, when the pump is pot clean together : but 

" the 
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the moifture that j^heres fa $&^\$zj$ $$. barrel, .&<$$. 
as the other internal parts, upon letting jp. die.ajr.,.is,Jn,*hc 
fame fucceeding trials, worked together with the oil, ^icji 
" foon renders it fo clammy as to obflrju<t t^ action, of ,tj^e 

" pump, ^ppjaa %u4 ih* ■##3%I^H^^i^fe?Rr^dPfii^ 1 
" e^^nded.--rBut in this cafe it feldom. fails to a£t upon. %s 
" air in the receiver, tillit r is expanded ^ye,|iun4red. 1 time!S ! ^a^l 
" this I have found it to do, after being frequently, ufcdforfeyenil 
*« months without cleaning." Does it not appear prohabje^j^t 
this clamminefs mufthayca badeife&spon the^alves, as well as 
the other internal parts -of the pump, in thofe fame Succeeding 
trials ? and that the ftiffnefs which the oil acquires by evapora- 
tion, the corrofion of the brafs, See. when the pump is foul, 
muft greatly obftruft the opening of the valves, and bear a prin- 
ciple p#rt in ^educing the rarefa&ion from one*hou^nd*0;^e 
hundred times - ? 

I.fuppfedthe.ya^ 
deavoured to avoid them : and if no further advantage^ ^~ 
rived Jroimii^ther/naphiBe i%raore J fiJ»pleMthQl^^lW& i; .-■• 

JUpon (this conftru&ion, alfo,we arable, to make Ae pH&P 
with two barrels, like the common pump, which cannot fee 
done conveniently where the lower valve is retained j becaufeit 
would be difficult to make the pifton in one barrel come ex- 
^y to die bottom, at the fame time that the pifton in the 
other touched as exadly at the top: it would, at leaft, require 
a nicety in the workmanihip, which would be troublofome jo 

-execute, t u c 

'In this pomp, the piftons do not move the whple length of 

*he barrels :,.fa*M* horizontal Mipn.made in them, a httle 

wore than half way from the bottom, .where the top^,** 
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infested; By this mean the pump is made, more convenient and 
fitstpls, as the head of it is brought dburnr-iipon the lop of the 
barrels, in the lame manner as in the common air- pump. The 
barrels alio /bind upon the hint pi me wnh the m eiver-ptaic ; 
and thit plane b raife! high enough to a i:r\n the c< :n?:K>n ar^t 
uf t&iny~two or three inches, to {hnd under it* withca: .u;v 
Iheoiivraknte m working the pump, as tltc winch moves thru" 
apportion of anarch, arcath ftroke, thrrn it would if the 
|»flom mow! the whole length of the barrels. 

There is alio placed, between &it banriis in th,<> pump, on 

:die- orofi^-pkee o^r the valves, a gage to fmsdurc the degree 

**£ £cm^ a free communication with the valve^ 

€so<^ : ; 6^,;;; This gige^ is -ia<ro{tra&e«i, that it will aMb fcrve 

^ tniiate^ ahcivr ^ i< 

worked off by the valve-pump. It conftfh of a pedefb/, 

which forms a ciibcrn lor the mercury, a holbw bmfs pillar, 

and glafs -tube, hermetically jaded at one end, uhieh movev 

tip and down in the pillar, through a collar of leathers. The 

dye of the pedeiial is made of glafs, a> well to hold the quick- 

filver, a$ to expofe its iuriaee to view, that it mav he iccn when 

the open end of the tube h put down into it, or railed out of 

it. The body of the pillar is partly cut away to expofi the 

tufee «t> view in the feme maimer. 

jjHP the pump he u&d as a oandenftr, the degree of condenia- 
tlb*j^^ one edge of the pillar : if ft 

be uied as an eidiail^r^ . tft£ degree of the ntfe&afet* of the air, 
above the valves, is fhown by a leak marked on the other af;;c 
^f the pdlar. 

This gage will alio iervc to ihow when the valve, have dom 
plwimj, either with the weight of the atmofphcre on than. 

at 
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or taken off. If we want to know when they ceafe opening; 
with the weight of the atmofphere on them, draw the piftoit 
of the valve-pump up into its barrel, to prevent any air efcap- 
ing through that valve ; in this fituation, work the great pump 
again, and if any air pafles through the valves: into the pipe, 
die gage will rife by condenfatiori. This condenfed air mtift 
then be let out by opening the communication^ at the cocky 
with the outward air. By repeating this till die gage rifes no 
longer, we may know the valves will open no more while the 
weight of die atmofphere lies on them ; and the rarefaction in 
the receiver can be carried no further. When the weight ofthe 
atmofphere is to be removed, after conducting as in the former 
experiment, raiie the open end of the tube above the furface of 
the mercury, and then work the valve-pump, and the air will 
be rarefied over the valves, and in the tube, to" the fame degree : 
(we may fee' when die valve of this pump has done playing by 
unfcrewing the cap that rovers it.) J Tlieopduend of the tube is 
then to be immerfed into the mercury, and the great pump work- 
ed. The air which paffes thrt>' the valves will then raife the gage 
hy condensation : and thus, by alternately raifinganfd depreffing 
the tube, and working the two pumps in their turns; we may carry 
the rareftaion of the airin the receiver as far as the power of the 
pump will go. If one of Mr. : Smaton l s pear-gages be nfed in the 
receiver, as he dire&s, the difference of the rareftdion, in the 
two experiments, may be known. And as the air above the valves 
may be rareiicd to different degree;, we may know, by the two 
gages, what proportion the rarefaction above the valves bears to 
the degree of excels in- thereccivcr. This-condenfmg gage can 
he taken off, and a button fcrewed into the hole in its ftead,,in 
any cafe wherein a greater degree of condenfation is required than 

the 
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thegtefs will bear* When agUf$ receiver is ufed, fhis gage 
maybe placed within it, where it will nieaiure auy degree of 
condkrnia-tion the receiver will bear* without clangor to the 
gage : or the capacity of any receiver titty Ik nyealurcd by this 
gage, before it is removed. Irani it- fixe, by shewing how 
nuny itrokes of the winch will thisnv ..une Attriogphcrc :u-> the 
receiver ; then turning she cock, *© prevent any *u cicap- 
ing, change the gage for die button : ubtn this in ioae* 
thedeg i*e of coiukrniatson.may be further mcailiral by the num- 
ber of it/okes. 

As in cafes where great condensation t$ required, there mutl 
he a great deal of labour, and -a gceai ilrain an ihe teeth if the 
^vhed ai^ piilon-rods, on account of the great diameter pf the 
pifton^;* ^ 

ler bore than the barrel of the great pump, to the cifttrn of 
the valve-pump, to be ferewed on ocofionalJy ; by which the 
condensation may be finished, inilcad of the great pump. Or, to 
fave the work and cxpence of tlik comkn&r, the valve- pump, 
if made a Jade hrgcr, may he cailly fitted for the Cunc purpofe, 
by having a plate made to fcrew into the bottom of the cylin- 
der, occa&mally, with a valve on it, opening into the ciftern : 
a hole raiifi alio be made to be opened, on the iame occalicn, 
Bear die top of. .the cylinder* to let air in helow the piftoa, 
%^hm this is d$|*vn up above it. 

Thet&tis^ which is generally placed under the re- 

ceiver-plate, in thkpui^ in the frwt s that it may 

be fecn by the perfon who is working the purnp, and that the 

plate* may be left free for other ufes. 

The 

* In my pimp, the psLftcm are two mthes Jjamtter ; (6 that ttw* w33 be *b&& 
•ftrtr -eight pounds addtd to the reilfunc* in opening ifcc ymvts, for twy.J 
sc thrown i&to sbc scccirtr* 
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The plate is lb fixed t^ thfe pipe, lfeading to the cock, thafc 
it may be taken off at pleafure, and ufed as a transferer ; or any/ 
tube, or apparatus, may be fixed to it, to perform fome experi- 
ments without removing it, which will fave trouble, and mak« 
lefs apparatus neceflarjr* 

The head of this pump is not divided; as the common one 
is, to diflodge the teeth of the wheel from the pifton-rods,. 
when the pump is to be taken apart ; but is made whole, ex- 
cept a finall piece ia the back, where the* wheel is let in; 
which makes it much more convenient to remove the head, or 
place it on the barrels. The wheel is freed from the pifton- 
rods, when required, by pufhing it into the back part of the 
head ; and when it is drawn into its place and connected with 
them a^ain, a button is fcrewed into the focket of the axis be- 
hind, to keep it in its place. This makes the head lefs trouble- 
fome ta remove : but its chief ufe is to diflodge the pifton-rods 
fromthe wheel, tRat tlicy may be;put down into die citterns, 
when the pump is not in ufe, where they will ftand uncc>m- 
preffed,. and retain* their daftfeitjr better than ifl&jpt in the 
barrels.. In thefe cifterns they may alfo ftand covered Hvith oil, 
if neceffory, as they are'large enough to admit of it.. 

The principal joints of the pump are .funk in fockets, that 
the leathers, which clofe them, may be covered with oil, to 
prevent leaking,* 

For convenience, the lo^er part of the pump is fitted with 
drawers, to contain, the apparatus. A door opens behind one 

range 

* This, liW, -averr.cffcft^ 
1„ this way, to leak, though ^^^^^^^ ^^SR 
able pump which I have, made by Mr. Kairnc, London,** leaked, aad ^atedly 
fecca refitted with ncw-oiled leathers, in the fame tone,- 
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mnge, to a place mereed the whale height, to get at the under 
part of the itceiver-plafce, ami Hx apparatus u> it for k-mc ex- 
periments* In this place. Hmd the long tube** and iuch tall 
giafies, belonging to the apparatus a" will not go into the 
drawers. The barrels, &c of the p-;:;r.p <«r t v >vcrrd with a 
cafir, or head, which keeps them from dm! and sc;. ;:k*;*. ^hen 
the pump is not in ufc. The apparatus is fecured between fij~ 
<krs t &c, in the drawers, <b that thr whole machine may be 
eafily removed, in one body, wklxmt danger. 

Having given you this account of the machine, I vii.'h, >ir t 
I could add to it, at this time, the mult by cKperinyr-st, 2t%d 
inform you to .urhat degree it will tartly the air ; but the want 
*f a prp|«r spp«a^is t$ ..jwafuie the fare&£tibn* prcwat s mc 
^ Jb:^ here, I font to ^in^ibr 

my apparatus, about twelve roths fince : but, unluckily, thi; 
part, with fbtne others, have not yet brer, iorwirded to me. 
As foonas I can Jatisfy myfeif, I will k: you k;v.^.v the rtfult. 
I have, at preieat, only ajmali tube of two- tenth* inch bore, I 
accidentally met with, which T uic as a common w/.- : but 
this will not determine the power of the pump. 

AH I can fay of the ioftrument at prefent U, that I find it 
much more convenient to uSe than one of the common fort : 
that it wUl exhauft a receiver .much fooner, and jbecp in ordsr 
much longer, for being made without valves, which muR de- 
pend on the fpring of the. air to open than. When a common 
pump, which I have, has been fitted up with valm f leathers, 
&c. at the fame time vMi this 5 the valves of the common 
fmmp have become too dry and ftiff to ufe, while this pump 
iias ccntimied in good order. I attribute this, in part, to the 
meiilure which the valves on the top-plates receive from the 

piftofcl 
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jpHfcons every time the pump is ufed ; the piftans being always 

'kept moiftened with oil in the cifterns, where they ftand when 

the pump is not in ufe ; and in part, to the power which the 

|)iftons have over thefe valves, by condenfing the air agamft theftu 

In the common pump, and in Mr. Smeatons, the valves, at the 

'bottom of the barrels, can only be opened by thefpring of the 

t air a&ing agairift them : but in this pump the valves are forced 

open, fey railing the piftans, and muft, therefore, yield fnuch 

longer to die power applied in this way. 

I mentioned above, that the piftons in this pttmp did not 
move the whole length of the barrels,; but were interrupted by 
the plate, a little more than halfway from the bottom, for con- 
venience : but on this conftru&ion, they may be made to move 
tfopttgh the whole length, as in Mr, Smmton's pump ; and 
then, it will exhauft a receiver in half the time that his will, ££* 
4he capacity of each barrel in the two pumps be equal. And 
perhaps the air may. be further rarefied by a pump on this con- 
&m&iQn without the valves, whofe barrels are of greater 'length 
tfeajj th? barrels of my pump, For fince the pifton may be 
ji^de.tQ, fit as well to the top of one barrel as another, if the 
l^igth -of the barrel,, through which the pifton moves, be twelve 
inches inftead of .fix, the vacancy, which is unavoidably left be- 
tween the top-plate and the pifton, when the latter is drawn up 
tp the^m^r, wifl'bear a lefs proportion to the capacity of the 
w#iolp barrel. Suppofe, then, the valve on the top-plate will 
*ri.fe only till the air be expanded one hundred times in a barrel 
>of flinches length, becaufe this is the proportion which the 
vacancy bear? to the capacity of the whole barrdi, (the refiftance 
of the y»he nothing taken into the account) it will rife till the 
airi? expawkd two hundred times in a barrel of twelve inches 

Rrf length, 
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length, the diameters being the feme in both, becaufe the capar 
city of the barrel being doubled, the vacancy bears fo much left 
proportion to it than to one of fix inches. And if the air can 
be rarefied in proportion to the difference between the vacancy 
and the capacity of the barrel, by leiTening this proportion,, 
which, after having made the work to fit as well as poftiblc, is 
to be done by enlarging the capacity of the barrel, the power of 
the pump muft be increafed. 

This, Sir, is reafoning from theory : butthefe circumftancesv 
I think, ought to be confidered in the conftruCtion of an air- 
pump , and experiment only muft determine how far an atten- 
tion to them may be ufeful . 

The rarefaction which a pump will produce, by experiment,, 
may come very far fhort of what it ought to do by the theory 
of its conftrudtion. If the common pump will, in experiment, 
rarefy the air only one hundred times, when in its beft ftate, and. 
Mr* Smeatonsyby conftruCtion, in duplicate proportion to this, 
it ought to go to ten thoufand ; every thing being fuppofed per- 
fed: : but in its beft ftate, Mr. Smeatoiis pump will only rarefy 
the air about one thoufand times ; ft) that the nine-tenths, 
which it falls fliort of what it ought to-do by theory, is to be 
attributed either to the imperfe&ion of the machine alone, or to 
the nature of the air,, in not permitting the rarefaction to go fur- 
ther than one thoufand times, or both thefe caufes together. 
The way to prove how far this is owing to the air itfelf, is by 
making a machine, which, in theory, will carry the rarefaction 
further, A pump conftruCted without the valves, as mine is, 
ought to rarefy the air in duplicate proportion of what Mr, 
S meat on s fhould do by theory, and in quadruplicate proportion 
of ths common pump, which would be one hundred million, 

allowing 
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allowing the common one to rarefy the air one hundred tifnes. 
Nothing like this, however, is to be expelled, fince we fee Mr. 
Smeaton's pump, in experiment, falls fo far ihort of the theory. 
But fuppofing my pump to rarefy the air in duplicate propor- 
tion of what Mr. Sweat on s does by experiment, this would 
carry the xarefaftion to one million times : and whatever it falls; 
ihort of this, mufl be attributed either to the imperfection of 
the machine, or the nature of the air, or both together : or if 
this pump fhould rarefy the air only to the fame degree with 
Mr. Smeatons, iince by conftrudtion it ought to go fo much 
further, will it not afcef tain to us, in a direct line, that the na- 
ture of the air does not admit of being further rarefied by a 
pump -, and that this is the reafon why Mr. Smeatans pump, 
in experiment, fell fo far fhert of the theory ? If this fhould be 
the cafe, will it not be a confirmation that the power of mecha- 
nifm is not wanting to produce a much greater rarefaction in 
the receiver, where no body a£ls immediately upon the air to ex- 
pel it, and from which place it can only he induced to come, 
hy making room for its expanfion into fome other ? I hope, in 
a little time, to be able to inform you what the refult is "by ex- 
periment, and to what degree this pump will exhauft the re- 
ceiver, 

X am, Sec. 

JOHN PRINCE. 

R r r 2 An 

Note. Since this letter was communicated, I have feen, in the 67th vol. of thePhi- 
lofaphical Tranfaftions, an account of fome experiments made by Mr. Nairne, with a 
pump conflxu&ed on Mr. Smeatm's principle : from which it appears that Mr. Smeiz- 
ton was deceived with refpetf to the rarefaaion in his receiver, as indicated by the 
pear-gage ; and that the greatefl power of the pump, when the experiment was pro- 
perly made, would carry the rarefaaion in the receiver only to fix hundred, inftead 

of 
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An , BXFLANAT.LON. cm xhix RLA^E^l 

' PLATED IV. Fig. i . A view of the pump flint up, wlicm 
not in ufe * appearing through a gjafs wfedow^as fhewn hy^the- 
pricked lines;.. 

Fig. 2. Aview of the pump when opened and uncaveredL 
&r experiments. 

Fig- 3 A perpendicular fedion of one of the barrels* tte: 
two cifteras, condtenfing g^ge, &c, where AB Teprefents.the 
barrel : C P the ciftern on which it ftands ; a a ita, the leathered f 
joint, funk into a focket, and buried in oil : E F is the piffon; thee 
cylindricaLrod pafllng through a collar of leathers, G Gyin the box 
HI. K fhows the place of the valve on the tog-plat&KL, cover-- 
ed by the arofsr-pieceM M, into which tKepipeXXO is foldered ;; 
that conyeys the air from the valves to the du£t going under the- 
valve-pump, as may be feen in plate V. fig. i. o is part of the 
faid dud; p is the joint funk, into a focket inthe^crofs-piece- 
P P, whichxonne&s the cifterna and 1ms a db£t through it lead- 
ing to them. Into this dudt open the duftsy and r* the firft lead- 
ing to the gage in front of the pump, the other to the cock and, 

receivero. 

of one thoufand times. By an account of Mr. Cowaffd% in the 73<£v©L of the Phi— 
lofophical Tranfadions, I find an improvement made in Mr. Smeaton's pump, by 
Mr. Haasy inftrum«nt-maker. He has contrived to open the valve at the bottom ofT 
the barrel independent of the fpring of the air- underneath \ t and by th» improve- 
ment >e has ihcreafed the power of the pump to one thoufand times. This-experw 
mentis a eona^mation of what is to be expeaed from the removal of the valve im 
my pump, which is done with greater fimpKcity, as Mr* Hwas x i contrivance is com- 
plex, conuftifcg of a ring, lying at the bottom of the barrel; to which' ring the valver 
is- fattened ^ this ring is raifed by a pedak connected with two wires moving through* 
two collars of feathers, and is depref&d by a fpirat fpring- contained in a^fbeket, the> 
■whole being nxedunder the barrel of the pump : But he has done nothing to re^ 
move the r efiftance from the valve in. the pifton^nor the. weight of the atmofE&em 
from off the valve an the top-^&tti 
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The other barrel is left out of the figure, to ihow fome of the 
parts more diftin&ly ; except QCi^ which is the top cf the 
Barrel retained and brought down out of its place, to fhow the 
top-plate, that fhuts up the barrel, feparated from the box, 
which contains the collar of leathers. S fhows one of the holes 
in the plate over which the valve lies, and which is covered by 
R in the crofs-piece.. TV is the pifton fhowing the valve 
open on the top, which is to prevent labour when the pump 
condenfes. W X is the ciftern, in which is more diftindiy 
feen the fhoulder for the leather which clofes the joint between 
this and the barrel, and alfo the focket in which the oil Hes 
over the leather. Y Z is the condenfing gage, with the ori- 
fice of the tube railed above the furface of the quick-filver. e e 
is the collar of leathers, through which the glafs tube moves. 
i is a fmall pipe coming up through- the quick-filver to make a 
communication between the valves and. the: gage,. 

Fig. 4. is a view of the upper furface of the top- plate which 
clofes the barrel, being foldered into it, Showing the place of 
the valve over the three fmall holes,, one of which, only can be: 
feen at S,.in fig. 3; 

Plate V. fig. 1 . is a perpendicular fection of the bottom- 
piece,, pipes, valve-pump, cock, &c. at right angles with the 
other fc&ion, fig. 3. pi. IV. A. B is the pipe between the bar- 
rels, as repreiented in plate IV. The button is here fcrewed 
into the top inftead of the gage. C D is the valve-pump and 1 
its ciftern, e the place of the valve under the cap*. E F the 
cock, ihowing the -.duft through it leading .to* the atmofphere, 
G H the pipe leading from it to the item of dae'rcceiver-plate, 
m which is the cock I, to flint up the du& when the opiate is 
&fed as a transferer. K.K. is- the plate, L a piece to (hut up 

the 
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the hole into which tubes, &c. are occafionally -fcre.wed to par- 
form experiments without removing the plate : the pricked 
line at O fhows the place of the fcrew which prefles the plate 
againft the pipe : P C^the pipe and common gage Handing in 
front of the pump. 

Fig.jz. is a horizontal fedion of the cock arid pieces, contain- 
ing the duds leading from it to the receiver, the cifterns, and 
the valves on the top of the barrels. A B the dud conneding 
the cifterns together. C D the dud leading from the cifterns 
to the cock. OH the dud leading from the cock, through 
the pipe A B, (fig. i.) to the valves. D E the dud through 
the cock, which occafionally conneds the two laft-mentioned 
duds with the dud: E F, leading from the cock to the receiver. 
I the diid m the cock leading to the atmofphere, which, when 
connected with the dud at D, lets the air into the cifterns and 
barrels for condenfation ; the other dud through the cock at 
the fame time connecting H and E. This dud alfo, when 
conneded with E, reftores the equilibrium in the receiver. 
KL is part of the dud leading from the cifterns to the gage. 
The pricked circles Ihow the places of the pipe and valve- 
pump on -the piece, and r the place where the air enters the 
valve-pump from the dud G H, and is thrown into the atmof- 
phere, when the pump exhaufts. 

Fig, 3. fhows the under furface of the bcjxes, which contain 
the collars of leathers, with the crofs-piece, which conneds 
them tpgether, having a dud through it, as reprefented by the 
pricked line, through which the air paffes from the valves to 
the pipe: this fig. is defigned chiefly to ihow the places in 
which the valves play, as at L 

Fig. 
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Fig* 4. is a fide view of the pump, fhowing the fituation of 
the valve-pump and handle of the cock $ where A is the pump, 
and B the handle. 

Fig. 5. is the top-plate which fcrews the key of the cock 
into its fhell, and keeps it tight : the upper furface of it is 
marked with directions to turn the key fo as to produce the 
effeft deiired : for when the mark on the key agrees with the 
mark on the plate, the pump exhaufts* and fo of the reft. 
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